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The fundamental importance of cardiac filling in regulating 
performance of the heart was recognized by Starling (I) early 
in this century. Development of comprehensive ventricular 
function curves by Sarnoff and others (la,2) beginning in the 
1950s focused attention on the role of ventricular compliance 
in influencing cardiac pump performance by determining the 
left ventricular end-diastolic volume at any given level of 
end-diastolic pressure. However, evaluation of cardiac dia- 
stolic function under clinical circumstances remained im- 
practical until the l97Os, when noninvasive methods for 
evaluation of left ventricular filling were introduced. Digi- 
tized M-mode echocardiography (3) radionuclide angiogra- 
phy (4) and Doppler echocardiography (5) have all been used 
to evaluate normal left ventricular diastolic filling and to 
detect abnormalities in a wide range of heart diseases (3-9). 
Because of the ease with which Doppler echocardiographic 
measurements of transmitral flow during early diastole (E 
velocity) and atrial systole (A velocity) can be used to 
calculate the E/A ratio as a single index of diastolic perform- 
ance, this method has become most popular for clinical 
detection of left ventricular diastolic dysfunction. In keeping 
with the fundamental role of ventricular compliance in 
determining cardiac pump performance, depression of the 
Doppler E/A ratio or of peak left ventricular filling rates is 
commonly interpreted by clinicians and investigators alike 
as a manifestation of impaired ventricular compliance 
(IO,1 I). 
Despite the attractiveness of this straightforward view of 
ventricular diastolic performance, extensive research indi- 
cates that it is not correct (12-15). Far from being a simple 
consequence of chamber or myocardial compliance, left 
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ventricular diastolic function reflects the complex interac- 
tion of left ventricular relaxation, compliance and filling load 
as well as effects of temporal or regional nonuniformity of 
function (14,16,17). Even under the simplest theoretical 
schema, early diastolic filling rate or Doppler E velocity 
should be primarily influenced by the energy-requiring pro- 
cess of ventricular deactivation (“relaxation”), whereas it is 
late diastolic phenomena like the Doppler A velocity that 
should be affected by the passive distensibility of the cham- 
ber (“compliance”). 
The present study. In this issue of the Journal, Stoddard 
et al. (18) examine the accuracy of these predictions by 
comparing Doppler echocardiographic measurements of 
early and late diastolic filling with invasively determined 
indexes of left ventricular relaxation and chamber stiffness. 
which are the inverse of compliance. Because of the critical 
role of the hemodynamic reference standards in this study, 
their strengths and limitations merit scrutiny. Although left 
ventricular diastolic relaxation affects both the rate and the 
duration of decline in myocardial force (14). it is usually 
assessed by calculation of the time constant of ventricular 
relaxation. The authors use a standard approach to measure 
this time constant or tau, although some uncertainty persists 
as to what portion of the pressure curve to use and whether 
to assume that the declining pressure curve approaches zero 
asymptotically (19,20). 
Full characterization of left ventricular chamber stiffness 
from pressure and volume data requires consideration of 
elastic and viscous forces plus calculation of several con- 
stants (12.21,22). Stoddard et al. (IS), in accord with many 
investigators. have dropped one constant as well as the term 
representing viscous forces, making it possible to calculate 
the chamber stiffness constant (k) from left ventricular 
pressure and dimensions by a simple exponential equation. 
These simplifications may introduce some errors due to I) 
viscous forces that are ignored during accelerated filling 
early in the A wave (23); 2) the fact that k calculated by this 
approach may differ depending on filling pressures in the 
same heart (24); and 3) lack of knowledge of pleural pres- 
sures and hence of the true pressure gradient across the 
ventricular wall (23). However, these errors, like the uncer- 
tainties with regard to calculation of tau. are likely to have 
introduced modest scatter to the relation between k and true 
chamber stiffness rather than producing fundamentally mis- 
leading results. 
Compared with reasonable reference standards, Doppler 
echocardiographic measures of early and late diastolic left 
ventricular filling behaved as predicted from physiologic 
principles in the 24 patients with coronary disease and I I 
control subjects studied by Stoddard et al. (1X). In normal 
subjects and patients with a normal time course of ventric- 
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ular relaxation, increasing chamber stiffness (k) was corre- 
lated with decreased filling of the left ventricle during atrial 
systole and corresponding increases in the velocity and 
proportionate contribution of rapid left ventricular filling 
(see their Fig. 3 and 4). Conversely, in patients with coro- 
nary disease and delayed ventricular relaxation, prolonga- 
tion of the relaxation time constant (tau) was associated with 
diminished early diastolic filling and an increased contribu- 
tion of atrial phase filling (see their Fig. 5 and 6). 
These results and parallel findings by other investigators 
(25,26) indicate that diminished early diastolic filling reflects 
impaired diastolic relaxation rather than altered chamber 
stiffness or compliance, and that impaired ventricular com- 
pliance manifests itself by reduced filling during late systole. 
If ventricular stroke volume is constant, impairment of 
either ventricular relaxation or compliance will result in a 
reciprocal elevation of filling during the other phase of 
diastole, resulting in exaggerated reduction or elevation of 
the Doppler E/A velocity ratio (see Fig. 7 and 8 of Stoddard 
et al [18]). This yin-yang relation of early and atrial filling 
velocities may be lost, however, when both relaxation and 
compliance are impaired, as indicated by the lack of any 
relation between chamber stiffness and Doppler velocities in 
the patients of Stoddard et al. with impaired relaxation, and 
by normalization of early diastolic filling rates by elevated 
filling pressures in patients with abnormal relaxation (27). 
Mechanisms of impaired ventricular relaxation. In light of 
this conceptual framework, it is evident that most instances 
of left ventricular diastolic dysfunction reported or detected 
in clinical practice reflect impairment of ventricular relax- 
ation. This predominance may be exaggerated by lack of 
systematic attention to subnormal atrial phase ventricular 
filling as well as by problems imposed by lack of knowledge 
of intraventricular pressure and the forcefulness of atrial 
systole. Nevertheless, it appears to reflect susceptibility of 
the myocardial deactivation processes that govern relaxation 
to disruption by even modest hemodynamic overload, isch- 
emia or myocardial hypertrophy. Although the fundamental 
cause of this remarkable susceptibility of ventricular relax- 
ation to disruption remains uncertain, it is attractive to 
speculate with Katz (28) that the relatively modest number 
of sarcoplasmic reticular calcium pumps (compared with the 
number of channels available for systolic calcium influx) 
may play an important role. Further modulation of early 
diastolic filling by the effect of increased hemodynamic load 
during relaxation to promote relaxation (“filling promotes 
filling,” in the words of Gaasch et al. [IS]) may have 
opposing effects. It may mask relaxation abnormalities in 
conditions such as aortic or mitral regurgitation in which 
blood delivery inflow in early diastole is supernormal 
(14,23), or it may exaggerate them as in hypertensive pa- 
tients with reduced cardiac output and stroke volume. 
Clinical implications. Despite improved facility in detect- 
ing and interpreting left ventricular diastolic dysfunction, the 
clinical significance of the mildly impaired early diastolic 
relaxation usually encountered in clinical practice remains 
uncertain. In contrast to production of heart failure by 
severely reduced relaxation (29) no evidence exists that the 
slightly reduced Doppler E/A ratios or peak filling rates 
identify patients with hypertension or other cardiovascular 
disease at increased risk of subsequent symptoms or cardio- 
vascular morbid events. At present, therefore, mild left 
ventricular diastolic dysfunction remains a phenomenon in 
search of clinical significance. In the absence of an empiric 
basis for determining what degree of diastolic dysfunction is 
clinically meaningful, one should at least think clearly about 
the fact that early diastolic abnormalities reflect impairment 
of the active process of ventricular deactivation (“re- 
laxation”), whereas diminished passive ventricular compli- 
ance reduces the rate of filling achieved in mid and late 
diastole for any level of filling pressures. 
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